1. Introduction
===============

Although the pancreatic operation and postoperative management advanced, the rate of postoperative complication in pancreatic surgery still remains high. The lowest rate is 2%, but the highest is 40%.^\[[@R1]--[@R3]\]^ Owing to the distinctiveness of the pancreatic surgery the abdominal drainage is regarded as a customary way, as the drainage can find the early pancreatic fistula (PF), hemorrhage, biliary fistula, peritoneal fluid collection, and so on after Whipple. On the contrary, the abdominal drainage can generate the slowly healing of the wound, leading to abdominal infection and postoperative pancreatic fistula (POPF) because of the closed suction system.^\[[@R4],[@R5]\]^

Dating back to 1992, Jeekel^\[[@R6]\]^ reported that there was no significant difference comparing routine drainage group with or without abdominal drainage in the patients who underwent pancreaticoduodenectomy (PD). In 1998 Heslin et al^\[[@R7]\]^ take the advantage of observational cohort study to consider routine use of the drain is not indispensable. Until a decade later Conlon et al^\[[@R8]\]^ who completed the first randomized controlled trial (RCT) considered there is no obvious significant difference in the morbidity, mortality, PF, and so forth. Then the surgeons attempted to abandon the abdominal drain in some surgeries. For example Brown et al^\[[@R9]\]^ considered that the postoperative complications were almost similar in both no drain and routine drain.

Up to now Vanburn,^\[[@R10]\]^ Metthew,^\[[@R11]\]^ Helmut,^\[[@R12]\]^ and Van Buren et al^\[[@R13]\]^ compare the differences between routine drain and without drain successively whose study designs are RCTs. They all aim at assessing the patients who underwent pancreatic surgery with and without routine intraperitoneal drainage. Vanburn^\[[@R10]\]^ considered omission of intraperitoneal drainage made the rate of mortality increase from 3% to 12%, the proximate RCT Helmut^\[[@R12]\]^ find in the group of no drain the rate of clinical relevant PF and fistula associated is lower (no drain and with drain PF B/C:11/193, 24/202, *P* = .030; fistula-associated complications: 25/193, 53/202, *P* = .0008), the other results are no significant difference. Helmut and his colleagues deem there was no significant difference in the comparison. But whether the omission of abdominal drainage is safe is still unclear. Thus, in this meta-analysis we include all the relevant studies to analyze and assess if prophylactic drainage is indispensable in mortality, morbidity, PF, clinical relevant PF, hospital stay, reoperation, and radiologic intervention (Table [1](#T1){ref-type="table"}).

###### 

The definitions of mortality, morbidity, and postoperative pancreatic fistula.
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2. Materials and methods
========================

Ethical approval or patient consent was not required because the present study was a review of previous published literatures.

2.1. Searching strategy
-----------------------

We used the following way to search all the literature. We use medical subject headings (MeSH) and keywords, such as drainage (title/abstract), Whipple (title/abstract), pancreaticoduodenectomy (title/abstract), pancreaticoduodenectomy (mesh). In addition we used similar words about drainage such as suction that belongs to the same meaning with different description type. By this way we search from the PubMed, EMBASE, and Cochrane library to confirm the related articles. The words are contacted by AND or OR. What\'s more we search the relevant literature to assess whether is available to this study (Fig. [1](#F1){ref-type="fig"}).

![Flow diagram showing the selection of randomized controlled trials.](medi-96-e9245-g002){#F1}

2.2. Study selection
--------------------

Two people (QF and LW) screen the searching studies again and again, if they have divergences other person (LH) reassesses the study. All the eligible studies should meet the following limitations: studies are comparison between abdominal drainage and no drainage after pancreatic surgery; the result include PF at least or more; the definition of PF after 2005 should use International Study Group on Pancreatic Fistula (ISGPF); (Table [1](#T1){ref-type="table"}); maybe in some literature they do not use the drainage but the meaning is as same as drainage, we also adopt them.

2.3. Data extraction
--------------------

The data extraction which is based on a standardized collection is reviewed by 2 authors (LH and HL) and crosschecks. If the study compares early omission of drainage with late omission of drainage, we should exclude. The following data are my collection: the 6 trials characteristics, which mainly contain the year of publication, the authors, the design of research, the number of patients in each control, study country, the characteristics of operation consist of the number of operators, the characteristics of patients (men or women, age), the interest outcomes (dichotomous outcomes: POPF, CR-PF, morbidity, mortality; continuous outcomes: the length of hospital stay) (Table [2](#T2){ref-type="table"}).

###### 

The characteristics of including studies.
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2.4. Evaluation of quality
--------------------------

The current meta-analysis include 5 RCTs^\[[@R8],[@R10]--[@R13]\]^ and 8 nonrandomized controlled trials (NRCTs),^\[[@R7],[@R16]--[@R22]\]^ their evaluation of quality are judged by 2 methods, RCT is according to the Cochrane Handbook, NRCT is on the basis of the Newcastle-Ottawa Scale. In the Cochrane Handbook we use low, high, or unclear to assess the quality in 7 fields which consist of random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other sources of bias. In the NRCT we grade quality in 3 superior fields which include the selection of research group, group\'s comparability, and metrical results or exposure (Table [3](#T3){ref-type="table"}, Figs. [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}).

###### 

Assessable quality of including studies.
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![Risk bias of graph. Each risk of bias item presented as percentages across all of the included trials, which indicated the proportion of different level risk of bias for each item.](medi-96-e9245-g005){#F2}

![Risk bias of summary. Judgments about each risk of bias item for each included trials. Green indicates low risk of bias. Yellow indicates unclear risk of bias. Red indicates high risk of bias.](medi-96-e9245-g006){#F3}

2.5. Data synthesis and statistical analysis
--------------------------------------------

We use the Review Manager 5 software to complete data synthesis. In the outcomes of interest only the hospital stay is continuous variable, which is described as mean difference (MD) with 95% confidence interval (CI), the others belong to Dichotomous variables which is described as odd ratios (ORs) with 95% CI. To test the heterogeneity 2 researchers (LW and LH) independently affiliate the data into RevMan, when the value *I*^2^ is beyond 50%, it means a high heterogeneity.^\[[@R23]\]^ What\'s more we exclude the including literature in sequence to test the stability of the results. We use Egger test and Begg test to assess the publication bias (Fig. [4](#F4){ref-type="fig"}.[1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}.[3](#F3){ref-type="fig"}). That we take the literature into subgroup is based on the definition of International Study Group On Pancreatic Fistula (ISGPF) to analyze POPF and compare the PD with distal pancreatectomy (DP).^\[[@R24]\]^ Owning to the number of including studies is \<10, there is no funnel plot in the subgroup.

![Begg test and Egger test. Considering the *P* \> .05 the results suggest there is no publication bias.](medi-96-e9245-g007){#F4}

2.6. Outcomes of interest
-------------------------

In the current meta-analysis we include all the relevant literature and contain almost 3776 participants. The primary outcomes are morbidity, mortality, PF, and CR-PF. The secondary outcomes are hospital stay, reoperation, radiologic intervention, and abdominal abscess (Fig. [5](#F5){ref-type="fig"}). The forest plot of outcomes are presented in the Figure [1](#F1){ref-type="fig"}, and there are 2 subgroups, 1 is comparing the PF where the definition is defined by ISGPS as shown in Figure [4](#F4){ref-type="fig"}, the other is comparing all the results between PD and DP as given in Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}.

![Forest plots of clinical outcomes in patients with peritoneal drainage vs those without drainage after pancreatic resection. The effect of prophylactic abdominal drainage on 5.1: mortality; 5.2: morbidity; 5.3: postoperative pancreatic fistula (POPF); 5.4: clinically relevant pancreatic fistula (CR-PF); 5.5: length of hospital stay; 5.6: abdominal abscess; 5.7: interventional radiology drainage; 5.8: reoperation.](medi-96-e9245-g008){#F5}

![Forest plots of clinical outcomes in patients with peritoneal drainage vs those without drainage after pancreatic resection applying the definition of International Study Group on Pancreatic Fistula (ISGPF).](medi-96-e9245-g009){#F6}

![Forest plots of subgroup analysis of patients who underwent PD. For patients who underwentn the effect of prophylactic abdominal drainage on 7.1, mortality; 7.2, morbidity; 7.3, postoperative pancreatic fistula (POPF); 7.4, clinically relevant pancreatic fistula (CR-PF); 7.5, length of hospital stay; 7.6, abdominal abscess; 7.7, interventional radiology drainage; 7.8, reoperation.](medi-96-e9245-g010){#F7}

2.7. Morbidity
--------------

The 12 studies that contain 3639 participants all report the morbidity. The study Correa-Gallego (1) belongs to a part of Correa-Gallego et al^\[[@R18]\]^ whose operation is DP. The result suggests the no drainage is more superior than with abdominal drainage group (OR = 0.71, *I*^2^ = 54%, *P* \< .00001) (Fig. [1](#F1){ref-type="fig"}). After removing every study the result does not change at all, indicating the steady of result is fine. Four RCTs in this pool suggest there is no significant difference (OR = 0.94, *I*^2^ = 0%, *P* = .62) (Fig. [5](#F5){ref-type="fig"}.1).

2.8. Mortality
--------------

In this pool 9 studies are eligible. There is no significant difference between the 2 groups (OR = 1.01, *I*^2^ = 43%, *P* = .93). The 4 pooled result of RCTs are in sympathy with the former (OR = 1.92, *I*^2^ = 9%, *P* = .09). There is no obvious difference in heterogeneity and the result is stable (Fig. [5](#F5){ref-type="fig"}.2).

2.9. Postoperative pancreatic fistula
-------------------------------------

In the 8 studies the result suggest the rate of POPF in no drainage group is much lower than with routine drainage group (OR = 0.47, *I*^2^ = 43%, *P* \< .00001). The result of the 2 RCTs in this pool are almost accord with the former (OR = 0.57, *I*^2^ = 0%, *P* = .05). There is no heterogeneity and the result is stable (Fig. [5](#F5){ref-type="fig"}.3).

2.10. Clinically relevant pancreatic fistula
--------------------------------------------

This definition is based on the ISGPF; therefore, there are 10 studies in this pool. The rate of CR-PF in routine drainage is higher than that in the no drainage group (OR = 0.64, *I*^2^ = 59%, *P* = .0007). Four RCTs in this pool suggest that there is no valuable difference (OR = 0.82, *I*^2^ = 69%, *P* = .30). The sensitive test present there is no significant difference after eliminating the study Mehta^\[[@R21]\]^ (Fig. [5](#F5){ref-type="fig"}.4).

2.11. Hospital stay
-------------------

In this pool there are 12 studies. The result suggests that the hospital stays of no drainage group is much shorter than that of with routine drainage (MD = −0.23, *I*^2^ = 92%, *P* \< 0.00001). Four RCTs in this pool suggest that there is no significant difference in both the groups (MD = 0.01, *I*^2^ = 0%, *P* = .91). After eliminating the Correa-Gallego and Correa-Gallego (1) the result is accord with the RCTs. The test of the result is stable (Fig. [5](#F5){ref-type="fig"}.5).

2.12. Abdominal abscess
-----------------------

Ten studies are included in this pool. The result suggests that there is no significant difference between the 2 groups (OR = 0.99, *I*^2^ = 22%, *P* = .95). After limitation of RCTs the result is the same as the former (OR = 1.06, *I*^2^ = 67%, *P* = .78). The result is stable and there is no obvious heterogeneity (Fig. [5](#F5){ref-type="fig"}.6).

2.13. Reoperation
-----------------

Twelve studies are included in this pool. The result suggest there is no significant difference between the 2 groups (OR = 0.90, *I*^2^ = 0%, *P* = .51). After limitation of RCTs the result is the identical to the former (OR = 0.76, *I*^2^ = 17%, *P* = .22). The result is stable and there is no obvious heterogeneity (Fig. [5](#F5){ref-type="fig"}.7).

2.14. Radiologic intervention
-----------------------------

There is no significant difference in the rate of radiologic intervention (OR = 0.89, *I*^2^ = 44%, *P* = .26). Four RCTs in this pool suggest there is no valuable difference (OR = 0.98, *I*^2^ = 60%, *P* = .88). The result is stable and there is no obvious heterogeneity (Fig. [5](#F5){ref-type="fig"}.8).

2.15. Subgroup
--------------

**(a).** In 1 subgroup we only include the definition of PF by ISGPF to assess whether the definition will make an influence on the POPF. Seven studies are included. We found that no drainage group is superior to the routine drainage group (OR = 0.39, *I*^2^ = 47%, *P* \< 0.00001) (Fig. [6](#F6){ref-type="fig"}).

**(b).** In the other subgroup we compare all the interest results of different surgical method which are between PD and DP.

2.16. (b.1) The patients who underwent pancreaticoduodenectomy
--------------------------------------------------------------

We consider that routine abdominal drainage increase the morbidity (OR = 0.71, *I*^2^ = 15%, *P* = .0002), POPF (OR = 0.47, *I*^2^ = 10%, *P* \< .00001), and CR-PF (OR = 0.51, *I*^2^ = 65%, *P* = .0001), but it reduces the mortality (OR = 1.92, *I*^2^ = 8%, *P* = .03. There is no significant difference in hospital stay (MD = −0.53, *I*^2^ = 81%, *P* = .12), intra-abdominal abscess (OR = 1.04, *I*^2^ = 64%, *P* = .90), radiologic intervention (OR = 0.84, *I*^2^ = 31%, *P* = .18), reoperation (OR = 0.99, *I*^2^ = 0%, *P* = .94) (Fig. [7](#F7){ref-type="fig"}.[1](#F1){ref-type="fig"}--[7](#F7){ref-type="fig"}.[8](#F8){ref-type="fig"}).

2.17. (b.2)The patients who underwent distal pancreatectomy
-----------------------------------------------------------

The result suggest that the peritoneal drainage can reduce the POPF (OR = 0.57, *I*^2^ = 46%, *P* = .02) and CR-PF (OR = 0.52, *I*^2^ = 43%, *P* = .03), and there is no significant difference in morbidity (OR = 0.90, *I*^2^ = 79%, *P* = .47), mortality (OR = 0.66, *I*^2^ = 64%, *P* = .08), hospital stay (MD = −1.47, *I*^2^ = 98%, *P* = .09), intra-abdominal abscess (OR = 0.91, *I*^2^ = 0%, *P* = .78), radiologic intervention (OR = 0.95, *I*^2^ = 28%, *P* = .74), and reoperation (OR = 0.73, *I*^2^ = 0%, *P* = .40) (Fig. [8](#F8){ref-type="fig"}.[1](#F1){ref-type="fig"}--[8](#F8){ref-type="fig"}.[8](#F8){ref-type="fig"}).

![Forest plots of subgroup analysis of patients who underwent DP. For patients who underwent DP, the effect of prophylactic abdominal drainage on 8.1, mortality; 8.2, morbidity; 8.3, postoperative pancreatic fistula (POPF); 8.4, clinically relevant pancreatic fistula (CR-PF); 8.5 length of hospital stay; 8.6, abdominal abscess; 8.7, interventional radiology drainage; 8.8, reoperation.](medi-96-e9245-g011){#F8}

2.18. Publication bias
----------------------

Owing to the data in which the value *P* is beyond .05 we consider there is no publication bias (Fig. [4](#F4){ref-type="fig"}.[1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}.[3](#F3){ref-type="fig"})

3. Discussion
=============

In the current meta-analysis although the rate of POPF in no drainage group is much lower than that in group with routine drainage (OR = 0.47, *I*^2^ = 43%, *P* \< .00001). And in subgroup the result suggest that the peritoneal drainage can increase the morbidity (OR = 0.71, *I*^2^ = 15%, *P* = .0002) after PD. However, the abdominal drainage can reduce the mortality (OR = 1.92, *I*^2^ = 8%, *P* = .03) after PD. There is no significant difference in the morbidity, mortality, CR-PF, hospital stay, intra-abdominal abscess, radiologic invention, and the reoperation. Therefore it\'s necessary to place a peritoneal drainage after PD; there is not a compelling evidence which imply we can omit peritoneal drainage after pancreatic surgery.

As early as 1991 Monson et al^\[[@R25]\]^ found the drainage may be connect to the wound infections and subhepatic collections after cholecystectomy. Then Jeekel^\[[@R6]\]^ reported there was no significant difference comparing routine drainage group with without abdominal drainage in the patients who were underwent PD. One decade later Conlon et al^\[[@R8]\]^ complete the first randomize clinical trial after PF the suggested the routine drainage may lead to more intra-abdominal abscess and fistulas. Considering the RCTs were small number, some studies included some NRCTs, for example the Wang et al^\[[@R26]\]^ deemed the routine abdominal drainage was still necessary although the intra-abdominal drainage could reduce the complication rates instead of increasing the mortality, Dou et al^\[[@R27]\]^ support the point of Wang. In the latest Helmut^\[[@R12]\]^ accomplished a relatively large number of randomize clinical trials and considered the routine abdominal drainage was not necessary, comparing the routine drainage group without drainage group is much better in PF after PD. And Cheng et al^\[[@R28]\]^ included 3 RCTs to analyze whether the abdominal drainage is necessary after pancreatic surgery or not, but they did not make a clear decision. Therefore, the RCTs are still a small number and cannot provide a high evidence. Up to now Van Buren^\[[@R13]\]^ complete another RCT with a high quality, considering it\'s feasible to abandon the peritoneal drainage after DP. Proximate studies almost consider omission of drainage is seemed feasible. However, in this current meta-analysis we consider that drainage cannot be omitted in some respects.

Up to now only 5 RCTs have reported the comparison between routine abdominal drainage and without drainage after pancreatic surgery. Meanwhile, almost 8 NRCTs have been reported this comparison today. Considering prospective observational studies which use the identical characteristics are receivable,^\[[@R29]\]^ in the present meta-analysis we include 2 different designed studies which are consist of RCTs and NRCTs, what\'s more, we perform another subgroup to compare the PD with DP.

In morbidity we find without drainage group seems much safer than the routine drainage group. Although the result is stable, restricting only RCTs there is no significant difference. The study design is not the most important factor, even the NRCTs which should be seemed as a supplement for RCTs can provide a same significance of RCTs.^\[[@R30],[@R31]\]^ The reason why the result is presented like this may be the RCTs which have a too small number, the NRCTs can provide a low evidence in our opinion. But whether the rate of morbidity in no drainage group is lower than the routine drainage group is still debated and it needs more high-quality RCTs, which compare the without drainage with routine drainage in the future.

In mortality there is no significant difference between the group without drainage and the routine drainage group. We note that in the PD subgroup the peritoneal drainage increase the morbidity, POPF, and CR-PF, but reduce the mortality. Almost postoperative complications result in delaying the time of postoperative recovery, even increasing the rate of mortality especially for POPF. We have no origin to clear whether some high risk factors (such as pancreatic gland texture, pancreatic duct diameter, etc) make a significant difference on the mortality.^\[[@R32]\]^ Furthermore, different studies follow the patients for the mortality to 30 or 60 or 90 days, on account of the duration some studies cannot definite the true mortality after PD. This point is the same as Vanburn.^\[[@R10]\]^ In the prospective studies the risk factors should be concerned to analyze necessity of peritoneal drainage after PD.

In the pool of POPF we find the without drainage group is more advanced than the routine drainage group, and the RCTs group shows the same result. However, there is no significant difference in the pool of CR-PF. Considering the definition of POPF has many different methods we set a subgroup in which the definition of POPF is defined by ISGPF to assess the result specially. And there is no heterogeneity and the result is stable. We consider there are several factors as below. Closed-suction drainage may have a high negative pressure and make the tissue injured, resulting in the POPF; there is no obvious clinical manifestation in the grade A POPF when there is no abdominal drainage, and it\'s unnecessary for patients to make a radioactive examine, it\'s hard to perceive, leading to some studies did not include the grade A POPF. There are some anastomosis in PD, PF almost is affected by some independent factors, such as body mass index, pancreatic duct diameter, pancreatic gland texture, intraoperative blood loss, and pathology.^\[[@R11],[@R32]\]^ In the current meta-analysis only 1 RCT Matthew refer to the above and grade that which is based on Callery et al.^\[[@R33]\]^ Matthew considered that the drain can reduce the rate of CR-PF, but far too many risk factors will affect the rate of POPF, it still needs more RCTs which utilize the risk score or analyze these independent risk factors.

Intra-abdominal drainage seems as a common practice after pancreatic surgery, it can perceive the fistula and hemorrhage which has an great influence on the mortality and abscess, what\'s more, the drainage can preclude the POPF from getting much worse complication which can increase the mortality.^\[[@R1]\]^ But Allen et al^\[[@R34]\]^ did not consider the abdominal drainage would increase the POPF and selectively using abdominal drainage is feasible. In addition Bassi et al^\[[@R15]\]^ suggested that the patients whose score of PF were low should remove the drainage early, because protracted removing drainage would increase the rate of postoperative complication. The number of comparing drainage with no drainage is still small, it needs numerous RCTs.

With the development of medicine and postoperative management the complication will reduce, the more RCTs which assess the advantages and disadvantages of abdominal drainage will be proceeding. And more qualitative studies which utilize risk score of PF determine whether abdominal drainage after pancreatic surgery is placed or not.

4. Limitations
==============

Several limitations are presented in this meta-analysis. First, most of the including studies are NRCTs, on earth RCT is seemed as criterion standard, the major difference between RCTs and NRCTs is the study design, the groups of NRCTs which are based on the results sometimes contain much subjective factors, so in this meta-analysis we specially probe into the result restrictive RCT group, finding the majority of the results are identified with general results and there is no obvious heterogeneity and publication bias. Second, several different definitions of POPF are in current meta-analysis; in addition, we set a subgroup to definite the different definitions do not make an influence on the results. Third, POPF which are grade A is not recorded in detail because of imperceptible symptom in no drainage group and the researchers have no reason to radioactive examination. Fourth, we have no data of long-term benefit or disadvantage of drainage so far (e.g., effect of long-term survival after cancer surgery). Moreover in this present meta-analysis surgical method can perform in different ways, for example, in PD the method of pancreaticojejunostomy includes end-to-end, end-to-side, invaginate, duct-to-mucosa, binding, etc. Fifth, only RCT^\[[@R11]\]^ applied the Fistula Risk Score for the prediction of clinically relevant fistula, we are unable to analyze the data. In the future it needs more integrated information.

5. Conclusion
=============

Increase of morbidity in PD group and no significant change in DP group comparing less mortality in PD group and no significant change in DP group if one left a drain behind after pancreas surgery. Namely we consider omission of peritoneal drainage remains high risk in PD, in DP it seems to abandon the peritoneal drainage. However, we still need more advanced RCTs (e.g., applying the Fistula Risk Score Calculations to studies).

Abbreviations: CI = confidence interval, CR-PF = clinically relevant pancreatic fistula, DP = distal pancreatectomy, ISGPF = International Study Group on Pancreatic Fistula, MD = mean difference, NRCT = nonrandomized controlled trial, OR = odd ratio, PD = pancreaticoduodenectomy, PF = pancreatic fistula, POPF = postoperative pancreatic fistula, RCT = randomized controlled trial.

The authors declare that they have no conflict of interest.
